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I. Introduction 

me need for  climatological summaries of weather data has increased 

with the development of t h e  space program. 

require ground-based landing areas rather  than marine landing areas. 

It is imperative, therefore, that climatological. summaries be made 

available for potential  landing areas. 

hrelve potential  landing areas w e r e  selected fo r  t h i s  first study. 

Monthly and annual summaries of data were presented. 

shown is  an equal-area projection of a global chart showing the  s ta t ion  

locations. These locations are : 

Re-entry vehicles now may 

The only figure 

North America - Edwards A.F.B., California; Langley A.F.B., Hanpton, 

Virginia; Patrick A.F.B., Cocoa Beach, Florida, 

South America - Moron, Argentina, 

Europe 

A s i a  - Ambala, India; Dhahran, Saudi Arabia, 

Africa 

- Moron De La Frontera, Spain, 

- Bloemfontein (Hertzog) , South Africa; Reggan(e) , 
Algeria , 

Australia 

Pacific Ocean - Honolulu (International Airport), Hawai i .  

- Al ice  Springs; Perth (Guildford), 

11. Data 

A. Source 

The data used for t h i s  study have been obtained from the  archives 

of the National Weather Records Center at Asheville, N. C. 

B. Format 

The information and data presented are those of: 

1. Narrative s- 



2. Temperature and p r e c i p i t a t i o n  t a b u l a t i o n s  

3. 

4. Wind rose  t a b u l a t i o n s  

Tab les  of s e l e c t e d  p resen t  weather  c a t e g o r i e s  

C .  P r e s e n t a t i o n  

1. 

t h e  t a b u l a r  summaries. 

t h e  n a r r a t i v e  

2. 

t i o n  i n  inches .  

3 .  

weather  cond i t ions ,  t h e  fo l lowing  elements  a r e  summarized 

where d a t a  were a v a i l a b l e :  

A s h o r t  n a r r a t i v e  d e s c r i p t i o n  of t h e  c l ima to logy  p recedes  

The p e r i o d  of r e c o r d  i s  i n c l u d e d  i n  

Temperatures are given i n  degrees  F a h r e n h e i t ,  p r e c i p i t a -  

I n  t h e  pe rcen tage  f r equenc ie s  o f  occurrence of s p e c i f i e d  

c 

a. 

b.  

C .  

d. 

e .  

f .  

g .  

h .  

i. 

J -  

k .  

1. 

Number o f  observa t ions  

Ce i l ings  l e s s  t h a n  2,000 f e e t  and/or  v i s i b i l i t i e s  

l e s s  t h a n  3 s t a t u t e  m i l e s  

Cei l ings  l e s s  t h a n  4,000 f e e t  and/or  v i s i b i l i t i e s  

l e s s  t h a n  6 s t a t u t e  m i l e s  

Tota l  cloud cover  equal  t o  o r  less t h a n  3/10 

Thunder, w i th  o r  without  p r e c i p i t a t i o n  

Rain and/or  d r i z z l e  

Freezing r a i n  and/or  f r e e z i n g  d r i z z l e  

Snow and/or  s l e e t  

Hai l  

Tota l  occurrences of  p r e c i p i t a t i o n  

Fog 

Smoke and/or  haze 

2 



m. Blowing snow 

n. Dust (blowing and/or suspended) 

0 .  Total occurrences of obstructions t o  Vision. 

' 8  
4. In the  wind presentations, wind directions t o  sixteen 

points of the compass and calm are shown arrayed against t h e  

selected categories of wind speeds. 

by wind direction and by wind speed categories are included. 

Marginal dis t r ibut ions 

111. Discussion 

The information presented i n  t h i s  study i n  both narrative and 

tabular forms for  the  surface data has been compiled i n  such 

form as t o  provide a preliminary planning guide for  those en- 

gaged i n  the operation of space vehicle re-entry. 

3 
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EDWARDS AFB, CALIFORNIA 
(Lat. 34"55'N, Long. 117"54'W, Elev. 2316 ft) 

Edwards A i r  Force Base  is located i n  t h e  south cent ra l  par t  of California 

on the Mojave Desert adjacent t o  Rogers D r y  Lake. 

t he  desert regions. 

of t h i s ,  about 2.3 inches, falls during the  winter months of December, January, 

and February. 

for the  season seldom exceeds a f e w  inches. 

The climate i s  typ ica l  of 
The mean annual precipi ta t ion is only four inches. Most 

Although some snow fa l ls  during the  winter months, the t o t a l  

The annual average daily temperature range is  large,  amounting t o  30.3' 
between t h e  mean da i ly  maximum of 77.0' and t h e  mean dai ly  minimum of 46.7'. 

The following data, except for  the Temperature and Precipitation Summry, 

are based on twenty-four hourly observations per day from January 1942 through 

March 1965. 
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LANGLEY AFB 
HAMPTON, VIRGINIA 

(Lat. 37"05'N, Long. 76"22'W, Elev. 13 ft) 

Langley A.F.B., located f ive  miles north of Bampton, Virginia, is on 
a peninsula flanked by the  James and Yorlr Rivers, both of which flow into 
Chesapeake Bay. 

Overall, climatic conditions are quite moderate in the  Langley area. 

Much of t h i s  moderation comes as a r e su l t  of the  s ta t ion ' s  proximity t o  the  

waters of Chesapeake Bay and the  Atlantic Ocean. 

cyclones move w e l l  north of Langley, and most t rop ica l  storms and hurricanes 

move out t o  sea before reaching the Virginia coast. 

Most middle-latitude 

Precipitation is distributed qui te  evenly throughout t he  year. About 

half of the average annual t o t a l  of 42 inches f a l l s  in t he  form of air-mass 
showers and thundershowers. The remainder of the  precipi ta t ion occurs in 

connection with passing f ronta l  systems. 

t h i s  precipitation falls as snow. 
duration. 

During the  winter months sane of 

Snowfall is  generally l i gh t  and of short 

The presence of w a t e r ,  bo th  in  the  l iquid and vapor states, holds 

temperature variations t o  a m i n i m a l  level.  

exceed 100°F., and for  a 28-year period of record (October 1936 through May 

1964, except January 1937) no temperatures below O'F. w e r e  recorded. While 

the  presence of water helps t o  moderate temperatures, the  water vapor adds 

t o  the  discomfort associated w i t h  the  temperature extremes. 

V e r y  seldom do temperatures 

Ceilings and v i s i b i l i t i e s  a t  Langley a re  reduced because of its proximity 

t o  industr ia l  areas, population centers, and the  ocean. 

primary v i s i b i l i t y  obstructions of smoke. fog, and haze. 
&an these cme  the  

The following data, except for the  Temperature and Precipitation Sunmary, 

are based on twenty-four hourly observations per day f r a n  October 1936 through 

May 1964, except January 1937. 
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PATRICK AFB 
COCOA BEACH, FLORIDA 

(Lat. 28"14'N, Long. 80"36'W, Elev. 9 ft) 

Located on a narrow s t r i p  of land, Patrick A.F.B. i s  separated f r a m  the  

central  coast of Florida by t h e  Banana River. 

and located on the  same s t r i p  of land is  the  C a p e  Kennedy Space Complex. 

Fifteen miles t o  the  north 

The climatic character is t ics  of the  s ta t ion  r e f l ec t  the  m a r i t i m e  

influences of the  nearby Atlantic Ocean. 

tu res  may reach 90°F. and above by l a t e  morning or ear ly  afternoon. 

diurnal persistence of such temperatures is terminated e i the r  by afternoon 

sea breezes or  convective thundershowers. These two phenomena generally 

return temperatures t o  the  low eighties.  

During the  sumper months, tempera- 

The 

Rainfall  amounts are highest during the  months from June through October. 

Most of the  r a i n f a l l  occurs i n  the form of air-mass thundershowers. Occa- . 

sionally these thundershowers are accompanied by strong gusty winds. 

rarely occurs with these heavier storms. 

H a i l  

Though Patrick A.F.B. l ies in  the  hurricane b e l t ,  it is not plagued with 

numerous or frequent occurrences of such storms. Hurricanes and t ropica l  

storms often pass within several hundred miles of t h e  base. Very seldom, 

however, does the  base experience winds of hurricane force. 

In general, ce i l ing  and v i s i b i l i t y  values a re  lowest during the  winter 

and ear ly  spring. Low cei l ings occur w i t h  f ron ta l  passages, and fog causes 

poor v i s i b i l i t i e s .  Most fog i s  of the  radiation type. R a r e l y  does sea fog 

occur, but when it does it is  l ike ly  t o  pers i s t  for  several  days. There are  

few sources of air pollution i n  t he  area, therefore, smoke is  no real problem 

as an obstruction t o  v i s ib i l i t y .  

The following data, except f o r  the  Temperature and Precipitation Summ8ry, 

are  based on twenty-four hourly observations per day fYom February 1950 

through November 1964. 
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MORON, ARGENTINA 
(Lat. 34'40'5, Long. 58"38'W, Elev. 82 ft) 

This a i r f i e l d  lies i n  the  rolling plains or pampas region of north- 

eastern Argentina, and it is located about f i f ieen  miles southwest of t he  

c i t y  of Buenos A i r e s .  

Temperatures are  quite moderate the  year around with the  mean monthly 
temperatures ranging f r o m  74OP. i n  January t o  49OF. in June. 

occurs i n  a l l  months of the  year with an annual t o t a l  of about 37 inches. 

There are no pronounced dry and wet seasons. 

precipitation amount with 2.20 inches, and March has t he  greatest amount 

with 4.30 inches. 

they also occur in  all other months of the  year. 

ra re ly  presents any problems t o  aviation. 

Precipitation 

June has t h e  lowest mean 

Thunderstorms are predominant in the  swmer months, but 
H a i l  is infrequent and 

Vi s ib i l i t i e s  i n  t h i s  area are generally good throughout t he  year; 

however, they may be reduced by precipitation, fog, ur haze. 

the  principal v i s i b i l i t y  res t r ic t ion  during the  winter months, w h i l e  dust 

and haze are more predominant i n  the  summer. 

Fog provides 

The following data, except for t he  Temperature and Precipitation Sumumry, 

are based on obsemations made at 0900 and 1300 Local Standard Time frcmn 
January 1934 through A u g u s t  1942 and at 1600 Local Standard Time frcmn January 

1934 through March 1942. 
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MORON DE LA FRONTERA, SPAIN 
(Lat. 37*11'N, Long. 5"36'W, Elev. 272 ft) 

The Moron Airfield is located i n  the  Guadalquivir River Valley of 

southern Spain. 

SW-I9E. 

gently ro l l ing  hills with sane low mountains about eight miles t o  the  

southeast. 

There the  Valley is about 25 miles wide and is oriented 

The t e r r a in  in the immediate v ic in i ty  of the  f i e l d  i s  one of very 

In general, t h i s  s ta t ion  has a Mediterranean type climate or one of hot, 

dry summers and cool, w e t  winters. 

of 83.8OF. in August t o  a mean minimum of 44.3OF. i n  February. 

greatest  r a i n f a l l  occurs in the month of December with an average of 5.49 
inches. 

reaching a minimum of . O 3  inches i n  August. 

Temperatures range from a m e a n  maximum 
Moron's 

Average monthly amDllllts gradually decrease from this high u n t i l  

Most precipi ta t ion occurs i n  cyclonic disturbances which move inland 

fran t he  Atlantic Ocean. These disturbances often a re  accompanied by 

thunderstorms, most of which are not of violent proportions. 

seldom occurs with any of these storms. 

H a i l  very 

Ceilings and v i s i b i l i t i e s  a re  quite good throughout the  year with best  

E a r l y  conditions exis t ing during the dry months of June through September. 

morning radiation fog i s  probably the  greatest s ingle  cause of below minimum 
v i s i b i l i t i e s  at t h i s  a i r f ie ld .  

January. 

of the  Guadalquivir River. 

Fog occurs most frequently i n  December and 

Its development is enhanced both by air-drainage and the  presence 

The following data, except for t h e  Temperature and Precipitation Summary, 
are  based on twenty-four hourly observations per day fran October 1936 through 

May 1964, except for  January 1937. 
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BLOEMFONTEIN (HERTZOG), SOUTH AFRICA 
(Lat. 29"08'S, Long. 26"18'E, Elev. 4,459 ft) 

Bloemfontein i s  s i tua t ed  i n  a r e l a t i v e l y  f la t  port ion of South AFrica's 

i n t e r i o r  plateau. 

miles t o  the east-northeast  of the c i t y .  

Hertzog Airport (e levat ion 4,459 f e e t )  lies about five 

The cont inental  climate of the  area is a result of its inland locat ion;  

however, it is  not so far removed from t h e  coasts  that  it is  not effected by 

cyclonic disturbances which move inland from t h e  South Atlant ic .  Air-mass 

thundershowers during the  hot months, November through March, are t h e  pre- 

dominant sources of precipi ta t ion.  The annual t o t a l  i s  about 22 inches. 

The s t a t i o n ' s  temperatures r e f l e c t  t h e  modifying e f f e c t s  of i t s  near 

4,500-foot e levat ion.  

59.4OF. i s  about t e n  degrees lower than that of Durban which l ies  less than 

300 miles t o  t h e  east but i s  only twenty-five feet above mean sea level. 

For example, Bloemfontein's m e a n  annual temperature of 

Such phenomena as snow, hail ,  fog, dus t ,  and smoke do occur; however, 

t h e i r  occurrences very seldom l i m i t  t h e  v i s i b i l i t y  below minimum f ly ing  

conditions.  

r e s t r i c t i o n .  

Low ce i l i ngs  are even less a problem as a f ly ing  weather 

The da ta  fo r  Bloemfontein were derived from observations made at Tempe 

Airport  because of the  greater amount of data avai lable  f r o m  there than from 

J. B. M. Hertzog A i r p o r t .  

longitude 26O11' East, a t  an elevation of 4,678 feet above mean sea leve l .  

This i s  about ten m i l e s  west-southwest of Hertzog Airport .  

Tempe Airport i s  located a t  l a t i t u d e  29O07' South, 

. 

The following data ,  except f o r  the  Temperature and Prec ip i ta t ion  Summary, 

a r e  based on observations made a t  0800 and 1400 Local Standard Time from 
January 1949 through November 1953. 
because of the  shor t  period of record. 

These data should be used w i t h  caution 

45 



.P 

k 
k 
d 
4 ? m 

0 
< 

n W In t- aJ 

. o  
? 

i c u  w 
2 
u 

x 
a 
b 

. m  

o r l  
" 0 ; '  0 

m 
a3 
t- 

p: 
rl 
f 

! 
0 
W 

9 m 

rl 
'9 

W 
W 

In 

t- 
W 

'9 
rl m 

0;' 
W 
f 

9 
4 

0 
W m 
d 

0 
W m 
rl 

0 
W 

? $  
cu 

f I  

0 
W m 
rl '9 

W 
(u 

x d 

5 
In 

rl 
W 

-2  
2 
m b  I 1 

t- 
m 
rl 

m 

I 

t- 
m m t- 

pr) m m  
- 4  m 
f .. 

a 
k 

0 0  
- 0  

O a J  
m P ;  

t- m m 
rl 

0 

% 
b 

fi 
0 

W cu W 

0 
W 

5 
W 
(u 

h 

u1 
Q s 
v 

rl 

.r( a t .. 
a 
k 
0 u aJ a 

.. 
a 
k 
0 

.rl 
m 
0;' 

ln 

t- 
W 

In 

3 m 
a 
C 

3 
.rl 

aJ 
P; 
h 
0 

k 
0 

t - 0  
In 4 

k 
0 
Pl 

? a  

o? 

h 
0 0 

a J -  

& &  
W 

rl 
t- 

c'! 
f 
f 

rl 

cu 
! a 

0 
.rl 
k 
aJ 
PI 

a 
0 
k 

.r( 

a" 
In 

rl 
W 

m 
3 
In 

W 

(u 
0;' k 

a! 
aJ 

W 
W E 

0 

0 
0 
rl 

c'! 
R 
3 

A 
-rl 
4 '4 

3 
W 

0 

t- 
In 

9 
0 
t- 

In 
rl 

(u 

m 
c'! P 

L aJ 

Q 
E-c 

a! . .  
P .. c, 

d n 0 

W 
W 

p1 
m 
In 

9 
(u 
t- 

t- m 
m 

aJ 
9 9 

b 

. .  
v 

0 z m 
+, 

Q 
ld 
a 
0, a 
k 
0 
0 
aJ 
k 

a, 

" 
a! 
k 

5 

9 i  
2E-c 

5 " e 
m 
t- 

.. aJ 

W 
Q 
3 
rl 
0 m 
2 

339 
5.5 
i32 
C f i  

r 3 
rl 
0 m 
G 

d " 
d 
* n 3 

d . 

46 



I 

T 

.. -1 

- f 
L . 
3 

; ;  
? ?  
9 -  

? ?  

i '  n 

i 

; ;  
3 j  

D 
c n 

0 I 

"I 

D 
c 

c 

a 2 2  . . -  
:- . - 1  

-I 

47 



i i 

". 
0 : 
! n 

c 

n 0 

r 
u 
01 - 
0 

". .. H 

I I I 

... Y 'OIP' 'P.3 c 

". ". 

48 



-I 

OlKi --I 

----I 
41 

f 
i 
z 

* ?  
s z  

0 
c 

i i  I 

0. 2 :  0 

? * :  c 
a n  * 

49 



X e 

2 -  
0 

I 

5 " I  
9 I I 

. 

50 



? ?  - -  

?. 

s 

51 



f I 

g 
4 ,  

52 



REGGAN(E), ALGERIA 
(Lat. 26"42'N, Long. 0"17'E, Elev. 935 ft) 

Reggan i s  located over 650 miles inland from both the  Mediterranean 

Sea and the  At lan t ic  Ocean. The imnediate surroundings of t h e  s t a t i o n  are 

t y p i c a l  of t h e  North African deser t  - a prevalence of sand. 

The major c l imat ic  cont ro ls  of t h i s  area are t h e  semipermanent pressure 
systems, the  I n t e r t r o p i c a l  Convergence Zone (I.T.C.), and the  migratory 

cyclonic and ant icyclonic  systems. The effect of a l l  these  cont ro ls  i s  
e i t h e r  accentuated o r  diminished by t h e  extensive deser t  regions surrounding 

the  area and by the A t l a s  Mountains t o  the  northwest of t h e  s t a t ion .  

In t h e  winter a r idge  of high pressure extends i n t o  northern Africa 

from the  North Atlant ic  or Azores high, w h i l e  a t  t h e  m e  time a heat 

produced low prevails in equator ia l  Africa.  During t h e  summer the  high moves 

north,  allowing the Sahara t o  be dominated by a trough of low pressure that 

is  an extension of t h e  heat  low over southwestern A s i a .  These m e a n  pressure 
patterns bring about a general  northeaster ly  surface flow over Reggan i n  t h e  

winter months. 

summer. 

This flow s h i f t s  more t o  an eas t e r ly  d i r ec t ion  during t h e  

Occasionally the  normal pressure pa t te rns  are interrupted by the passage 

of cyclonic systems, t h e  majori ty  of which move t o  the  north of Algeria; 

however, much of t h e  country s t i l l  comes under the  influence of these systems. 

Moisture that normally w u l d  be drawn inland with these  systems generally is  

prec ip i ta ted  on the  windward slopes of t h e  A t l a s  Mountains. 

Ceilings and v i s i b i l i t i e s  generally are good throughout the year except 

f o r  periods of blowing dust  or sand. 

dominant from February t o  September and occur most of ien  during m i d  day. 

Seldom l a s t i n g  m o r e  than several  hours, these conditions infrequent ly  reduce 

v i s i b i l i t i e s  below three miles. With maximum convectional overturning 

occurring during t h e  summer, blowing sand or  dust  p a r t i c l e s  may be car r ied  as 

high as 20,000 feet elevat ion,  thus r e s t r i c t i n g  v i s i b i l i t y  a l o f t .  

Such v i s i b i l i t y  r e s t r i c t i o n s  are pre- 
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REGGAN(E), ALGERIA (Cont’d) 

The average annual p rec ip i t a t ion  i s  less than one inch. It i s  not 

unusual for  a s t a t i o n  i n  t h i s  a r ea  t o  go without measurable prec ip i ta t ion  

f o r  more than a year.  

thunderstorms each year.  Rarely is a thunderstorm accompanied by h a i l .  

Generally, t h e r e  are fewer than 1 0  occurrences of 

The following data, except f o r  t h e  Temperature and Prec ip i ta t ion  SllllpnarY, 

are based on t h e  following periods of record: 

Hour 
0000 

0300 

- 

0600 

0900 

1200 

1500 

1800 

Period of  Record 

Mar. 1959-July 1961, except Aug. and Sept . 1959 
Feb. 1966-May 1967 
Mar. -Dee. 1959, June-Aug . 1960, Jan. -Dec . 1961, 
Jan. 1965-May 1967 
Jan. 1966-May 1967 
Feb.-Nov. 1950, Apr. 1951-Feb. 1952, Apr.-Oct. 1952, 

Dec. 1952, Apr. 1959-Feb. 1960, Apr. 1960-Dec. 1961, 
Jan.-Oct. 1965, Dec. 1965-May 1967 
Feb. 1966-May 1967 
Mar. -Dec . 1959, Jan. -Dee. 1961, Jan. 1965-May 1967 

Because of t h e  short  period of  record,  t hese  da t a  should be used with 

caution. The same i s  t r u e  of t h e  Absolute Maximum Temperature and t h e  

Absolute Minimum Temperature quoted i n  t h e  Temperature and Prec ip i ta t ion  

summary. 
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AMBALA, INDIA 
(Lat. 30"23'N, Long. 76"46'E, Elev. 892 ft) 

Ambala i s  located about 125 m i l e s  nor th  of New Delhi. I ts  elevat ion 

i s  about 892 feet .  

Himalayan peaks i n  excess of 25,000 feet. 

Less  than 200 m i l e s  t o  t h e  northwest t h e r e  are seve ra l  

The c l i m t e  nf Ambala strongly r e f l e c t s  t h e  presence of t h e  monsoon 

conditions.  

affected by the  monsoon. 

a marked change a t  t h e  onset of t h e  monsoon season. 

Precipi ta t ion is only one of several  parameters t h a t  are 

Temperatures, winds, and v i s i b i l i t i e s  a l s o  show 

The e f f ec t s  of t h e  summer monsoon are first f e l t  about t h e  las t  week 

About two-thirds of t h e  annual of June and continue u n t i l  m i d  September. 

r a i n f a l l  t o t a l  of 33 inches fa l l s  during t h i s  period. 

most numerous during t h e  first month of t h e  monsoon season. 

Thunderstorms are 

Ceilings and v i s i b i l i t i e s  are reduced during t h e  monsoon because of low 

clouds and precipi ta t ion.  

problem of blowing dust .  

A t  t h e  same t i m e  t h e  r a i n s  g r e a t l y  reduce t h e  

Prevail ing winds a r e  from t h e  northwest except during t h e  monsoon period 

when they s h i f t  t o  a southeaster ly  d i r ec t ion .  

monsoon low which forms t o  t h e  southwest of Ambala. 

l i g h t  regardless of direct ion.  

This i s  determined by t h e  

Wind speeds are generally 

The mean annual speed i s  only 3.1 knots. 

The following da ta ,  except fo r  t h e  Temperature and Prec ip i ta t ion  Summary, 

are based on the following periods of record: 

Local Standard Time Period of Record 

0200 Jan.-July 1957, Sept. 1957-May 1959, Dec. 1959, 
Feb . -May 1960 , Jan. -Sept . 1961 , Nov. 19614an.  

1962, Mar.-Apr. 1962, June 1962, A%.-Dec. 1962 
July 1957-Dec. 1958, Jan. 1961-Dec. 1962 0500 and 1100 

0800 and 1700 Jan. 1954-Dec. 1963 
2300 Jan. 1957-Dec. 1962 

Since the period of record varies from hour t o  hour ,  some caution should be 

exercised when comparing d i f f e r e n t  hours, and when using da ta  f o r  hours f o r  which 

t h e  period of record i s  short  (0200, 0500, and 1100 Local Standard T i m e ) .  
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DHAHRAN, SAUDI ARABIA 
(Lat. 26"16'N, Long. 50"10'E, Elev. 78 ft) 

Dhahran Airf ie ld  l i e s  about two miles inland from t h e  western boundary 

of t h e  Persian Gulf. 

low lying deser t ,  much of which i s  uninhabited. 

The surrounding mea consis ts ,  f o r  t h e  most p a r t ,  of 

A s  Dhahrm i s  located on t h e  downwind or southeast s ide  of  t h e  Arabian 

Desert, i t s  climate is  g rea t ly  affected by t h e  d e s e r t ' s  presence. 

hand, t h e  desert  reduces p o t e n t i a l  p rec ip i t ab le  atmospheric moisture which 

i n  tu rn  reduces t h e  po ten t i a l  r a i n f a l l ,  while on t h e  other hand, it provides 

a ready source of dust  and sand p a r t i c l e s .  

ca r r i ed  a l o f t  by t h e  shamal o r  northwesterly winds, t h a t  often reduce v i s i -  

b i l i t i e s  below acceptable landing conditions.  

On one 

It is these p a r t i c l e s ,  when 

In  t h e  summer months these shamal winds a r e  created by t h e  semi-permanent 

low pressure area over northwest India.  

speed from 1 0  t o  30 knots. 

On t h e  average, t hese  winds vary i n  

Sham1 winds a l s o  occur i n  t h e  winter months. Unlike those which occur 

i n  t h e  summer, these winds are associated with western depressions t h a t  move 

across t h e  Arabian Peninsula from t h e  Mediterranean area.  

depressions give r ise t o  vigorous shamals which occur without any forewarning, 

such as  a f a l l i n g  baromet.er or associated f r o n t a l  cloud development. 

Occasionally these 

Annual precipi ta t ion amounts at Dhahran are highly va r i ab le ,  averaging 

about t h ree  inches and usually occurring exclusive of t h e  summer months. 

Thunderstorms a r e  infrequent i n  t h e  months from October through May, and they 

are almost non-existent i n  t h e  intervening months. 

occurrence of thunderstoms in  t h i s  area a r e  coincidental  e i t h e r  with t h e  

approach o r  passage of t h e  western depressions and t h e i r  a t tending f r o n t a l  

systems. 

The development and 

I f  fog occurs a t  Dhahran, it is  usually of t h e  sea  type,  occurring 

ng hours and c l ea r ing  by l a t e  morning. mostly i n  April during the  morn 

The following data ,  except 

a r e  based on twenty-four hourly 

through June 1956. 

fo r  t h e  Temperature and Prec ip i ta t ion  Summary, 

observations per  day from February 1946 
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ALICE SPRINGS, AUSTRALIA 
(Lat. 23"48'S, Long. 133"53'E, Elev. 1,790 ft) 

Alice Springs is  located i n  t h e  center of t h e  continent,  which i s  near ly  

as la rge  as t h e  United S ta tes .  It i s  w e l l  over 500 miles from the  nearest  

ocean, i t s  source of moisture. Furthermore, t h e  Australian Continent l ies  

under t h e  influence of t he  quasi-stationary sub-tropical high pressure system. 

Combined, these two f ac to r s  help produce t h e  deser t - l ike climate of t h i s  

st a t  ion. 

Low humidities r e s t r i c t  p rec ip i ta t ion  amounts, but increase t h e  frequency 

The annual r a i n f a l l  averages just  under of c l ea r  s k i e s  and good v i s i b i l i t i e s .  

t en  inches with maximum amounts f a l l i n g  during t h e  summer months. 

Most prec ip i ta t ion  f a l l s  from air-mass thunderstorms. Strong winds, 

heavy r a ins ,  and h a i l  sometimes accompany these  storms. 

Good v i s i b i l i t i e s  are a r e s u l t  not only of l o w  humidities but a l s o  of an 

absence of i ndus t r i a l  a i r  pol lut ion.  V i s i b i l i t i e s  a r e  reduced generally by 

e i t h e r  blowing or suspended dust.  

The following da ta ,  except for  t h e  Temperature and Prec ip i ta t ion  Summary, 

a re  based on observations made a t  0600, 1200, and 1800 Local Standard Time 

from January 1947 through June 1958. 
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PERTH (GUILDFORD), AUSTRALIA 
(Lat. 31"56'S, Long. 115"58'E, Elev. 49 ft) 

Perth l ies  on a narrow coas t a l  p l a in  i n  t h e  southwest corner of 

Australia.  Inland, t h e  coas t a l  p l a in  gives way t o  t h e  low mountains of 

t h e  Darling Range. These mountains average no more than 2,000 feet  i n  

elevation, however, they provide s u f f i c i e n t  orographic l i f t i n g  t o  a id  i n  

t h e  condensation and p rec ip i t a t ion  of moisture brought inland from over 

t h e  Indian Ocean. 

Over half of t h e  annual r a i n f a l l  t o t a l  of 34 inches occurs i n  t h e  

th ree  w i n t e r  months of June, July,  and August. Much of t h i s  prec ip i ta t ion  

o r ig ina t e s  from cyclones o r  f r o n t a l  systems. These f r o n t a l  systems are 

sometimes accompanied by thundershowers. During t h e  remaining months of 

t h e  year most thundershowers are of t h e  air-mass type. 

Temperatures r e f l e c t  t h e  modifying e f f e c t s  of t h e  nearby ocean. 

diurnal  and seasonal mean temperature ranges are small, t h e  average being 

about 20'F. 

t o  t h e  northeast ,  high temperature extremes are more predominant than low 

ones. Freezing temperatures r a r e l y  occur at  Per th .  

Both 

With t h e  occurrence of hot ,  dry winds from t h e  deser t  regions 

Due t o  increased atmospheric moisture and added pol lut ion sources, 

average ce i l i ngs  and v i s i b i l i t i e s  at Perth a r e  lower than a t  Alice Springs. 

Perth i s  l e s s  troubled than Alice Springs, though, with low v i s i b i l i t i e s  

caused by blowing dust .  

The following data ,  except f o r  t h e  Temperature and Prec ip i ta t ion  Summary, 

are based on observations made at 0600, 1200, and 1800 Local Standard Time 

from 1948 through 1957. 
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HONOLULU (INTERNATIONAL AIRPORT), HAWAII 
(Lat. 21"20'N, Long. 157"55'W, Elev. 15 ft) 

Oahu, on which Honolulu i s  located,  is t h e  t h i r d  l a r g e s t  of t h e  Hawaiian 

Is lands,  and i s  marked-by two important mountain systems - t h e  Koolsu Range, 

at  an average elevation of 2,000 feet ,  pa ra l l e l ing  t h e  northeast  coas t ,  and 

t h e  Waianae Mountains p a r a l l e l i n g  t h e  west coast .  The business and Waikiki 

d i s t r i c t s  o f  t h e  c i t y  of Honolulu l i e  along t h e  coast  leeward of t h e  Koolau 

Range. 

The climate of Honolulu is  t r o p i c a l  i n  nature,  with only s l i g h t  va r i a t ions  

of temperature. 

while t h e  mean d a i l y  range is about 6OF. 

var iable  from year t o  year and month t o  month. 

varies from 0.5 inches i n  J u l y  t o  about 4 inches i n  January, with a mean annual 

value of about 22 inches. One o r  two locat ions i n  t h e  nearby Koolau Range 

receive as much as 300 inches per year.  

Thunderstorms are infrequent and usual ly  of l i g h t  i n t e n s i t y .  

rare. 

The January mean d i f f e r s  from t h e  August mean by about 7OF., 
The p rec ip i t a t ion ,  however, is  highly 

The m e a n  monthly p r e c i p i t a t i o n  

Rain falls  most frequently a t  night .  

Severe storms a r e  

Because of t h e  pers is tence and moderate humidity of  t h e  nor theas te r ly  

t r ade  winds, August and September, although w a r m ,  are usual ly  comfortable. 

Unpleasant weather is more l i k e l y  t o  occur later i n  t h e  autumn o r  e a r l y  winter 

when t h e  t rades  may diminish or give way t o  southerly winds. 

periods,  known l o c a l l y  as "Kona Weather," t h e  humidity may become oppressively 

high. 

During these  

The following data ,  except for  t h e  Temperature and Prec ip i ta t ion  Summary, 

are based on twenty-four hourly observations per day from June 1939 through 

July 1949 and November 1949 through May 1967. 
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